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Abstract
Background Specialized intestinal metaplasia (SIM) in
Barrett’s esophagus is a risk factor of esophageal adeno-
carcinoma. It often occurs focally and cannot be distin-
guished from surrounding columnar epithelium with
conventional endoscopy.
Aims The purpose of this study was evaluation of meth-
ylene blue (MB) staining and magniﬁcation endoscopy
with comparison of pit-pattern classiﬁcations according
to Endo and Guelrud, in detection of SIM in Barrett’s
esophagus.
Methods Twenty-ﬁve patients, aged 33–77 years (aver-
age 57 years), with displacement of Z line were prospec-
tively enrolled and underwent gastroscopy with the use of
magniﬁcation up to 115 times (Olympus GIF Q160Z).
Biopsy for histopathologic examination was taken from
sites stained with MB and/or places with particular pit
patterns. A control group consisted of ten patients with
normal gastro-esophageal junction.
Results SIM was proved in nine patients, and signiﬁ-
cantly more frequently in patients with hiatal hernia and
Barrett’s segment longer than 3 cm. Round or thin linear
pit patterns according to Guelrud’s and small round and
straight pit patterns according to Endo’s classiﬁcation were
coupled with columnar epithelium. SIM was associated
with deep linear and foveolar pit patterns in Guelrud’s
classiﬁcation. Other pit patterns were less characteristic.
Both classiﬁcations had high sensitivity (Endo’s 85.7%,
Guelrud’s 92.8%) but poor speciﬁcity (respectively, 21.15
and 28.4%) in detection of SIM. Sensitivity and speciﬁcity
of MB staining were, respectively, 71.4 and 40.6%.
Conclusions Despite existing association between
mucosal surface structure and histology, we ﬁnd no con-
vincing data indicating that pit-pattern evaluation may
replace multiple biopsies taken according to recommen-
dations from Seattle for detection of SIM in Barrett’s
esophagus.
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Introduction
Barrett’s esophagus (BE) is a premalignant condition
caused by chronic gastroesophageal reﬂux. According to
Montreal consensus from 2006, it is characterized as
replacement of the squamous epithelium in the distal
esophagus by columnar epithelium (gastric metaplasia),
irrespective of the presence of specialized intestinal
metaplasia (SIM) [1]. Still, SIM is the most important
identiﬁed risk factor of esophageal adenocarcinoma.
During the last 30 years the incidence of esophageal
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DOI 10.1007/s10620-010-1551-4adenocarcinoma has increased ﬁve to six times and now-
adays it constitutes half of all esophageal cancers [2, 3].
Guidelines of the American College of Gastroenterology
state that every patient with gastroesophageal reﬂux
symptoms should at least once in a lifetime be referred for
Barrett’s esophagus screening endoscopy [4]. Patients with
SIM in columnar-lined esophagus are currently advised to
undergo a periodic endoscopic surveillance to detect pro-
gression to dysplasia at an early, potentially curable stage.
Although gastric metaplasia in esophagus is easily
visible as a displacement of Z line over the upper limit of
gastric folds, it is difﬁcult to discern SIM; what is more, it
usually occurs focally. According to Seattle protocol, to
identify presence of SIM and dysplasia, four-quadrant
biopsies should be obtained at 2-cm intervals along the
length of Barrett’s esophagus [4]. The major disadvan-
tages of this method are the need for multiple biopsies,
random choice of biopsy places and high cost. A tech-
nique improving mucosal visualization and differentiating
SIM and dysplasia from columnar epithelium during
endoscopy would provide more accurate biopsy, reduce
the number of biopsies and in the future even eliminate
biopsies.
New techniques such as chromoendoscopy and magni-
ﬁcation endoscopy have been tried to improve recognition
of SIM. Chromoendoscopy involves the use of dyes
sprayed over mucosa. Methylene blue (MB) stains actively
absorbing cells such as those of intestinal epithelium and
intestinal metaplasia [5]. Sensitivity and speciﬁcity of MB
staining for SIM detection in Barrett’s esophagus is still
under discussion [6].
Endoscopes with the function of optical magniﬁcation
are equipped with the system of movable lenses which
enable gradual magniﬁcation of the observed ﬁeld from 1.5
to 150 times [7]. Contrary to electronic magniﬁcation,
optical magniﬁcation enhances not only the size of the
image, but also the number of visible details.
After magniﬁcation a characteristic relief called pit
pattern is visible on the surface of esophageal epithelium
below Z line. Most widely known classiﬁcations of
esophageal pit patterns, together with connection to his-
tology, were described by Endo et al. in 2002 [8] and by
Guelrud et al. in 2004 [9]. Apart from magniﬁcation, Endo
used methylene blue staining in his study. Guelrud evalu-
ated pit patterns after enhancing its visibility by spraying
acetic acid, which caused temporary protein denaturation
and loss of transparency of mucosa. Neither of those two
studies examined pit patterns below the Z line in the con-
trol group. The usefulness of those classiﬁcations, such as
predicting the presence of SIM on the base of structure of
mucosal surface demands further evaluation. Moreover, pit
patterns have never been deﬁned simultaneously in both
classiﬁcations.
The aim of the present study was the evaluation of
magniﬁcation endoscopy together with methylene blue
chromoendoscopy for detecting intestinal metaplasia in
Barrett’s esophagus and comparison of Endo’s and
Guelrud’s classiﬁcations.
Methods
Patients with previously diagnosed SIM in Barrrett’s
esophagus and patients referred for endoscopy to the
Department of Gastroenterology and Internal Medicine of
the Medical University in Bialystok to evaluate the pres-
ence of SIM in Barrett’s esophagus were prospectively
enrolled into the study. After four weeks of treatment with
proton pump inhibitors, patients underwent endoscopy of
the upper gastrointestinal tract with the detailed examina-
tion of columnar mucosa in esophagus using optical mag-
niﬁcation up to 115 times (Olympus GIF Q160Z). The
endoscopist was not informed about patients’ previous
diagnosis of SIM. Circumferential and maximal extension
of columnar mucosa in esophagus was estimated according
to the Prague consensus [10]. Mucus was removed by the
10% solution of acetylocysteine instillation. The magni-
ﬁed images were analyzed with respect to pit patterns,
which were simultaneously classiﬁed both in Endo’s and
Guelrud’s scale. Then, 0.5% solution of methylene blue
was sprayed over columnar mucosa. The excess of dye was
ﬂushed away with 50 ml of water after 1 min. Biopsy
specimens for the histopathologic examination were taken
from the regions stained with MB and/or sites with pit
patterns most often connected with SIM in Endo’s study
(tubular, villous) and Guelrud’s study (villous, foveolar,
cerebroid, deep linear). If none of those pit patterns was
found, biopsy was taken from other present pit patterns.
Because the endoscopic view is compromised due to
bleeding when specimens are obtained, the number of areas
selected for sampling was limited to two per patient to
ensure that specimens corresponded to magniﬁed images.
A control group consisted of patients with normal gas-
tro-esophageal junctions proceeding with gastroscopy for
reasons other than suspicion of Barrett’s esophagus. In this
group we thoroughly examined pit pattern in the region of
cardia, and to rule out intestinal metaplasia we took biop-
sies from particular pit patterns following the similar
principle as above, but without MB staining.
The study was approved by the Ethics Committee of the
Medical University of Bialystok (clinical trial number
2PO5B 134 28). Patients signed informed consent before
the examination. Images were recorded digitally.
To analyze relationships between nominal variables,
Fisher’s exact test or Fisher-Freeman-Halton’s test were
used. For contingency tables larger than 292 cells,
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bution of individual cells into the result of the statistical
test for the whole table [11]. The comparisons of quan-
titative variables’ distributions were conducted using
Mann–Whitney tests. The calculations were executed
with Statsoft’s Statistica 8.0 software, except for Fisher-
Freeman-Halton tests, which were calculated with an
application developed to implement an algorithm by Mehta
and Patel [12]. To calculate standardized residuals Micro-
soft Excel 2003 was used.
All statistical hypotheses were veriﬁed at signiﬁcance
level equal to 0.05.
Results
Patient Characteristics
Twenty-ﬁve patients, 18 men and 7 women with an average
age of 57 years (range 33–77 years), were enrolled into the
study. All patients had macroscopically visible and histo-
logically proven gastric metaplasia in the esophagus. Eight
patients had previously histologically proved SIM in the
columnar lined esophagus. A control group consisted of ten
patients with normal gastro-esophageal junction.
We took biopsies from 66 sites: 46 along Barrett’s
epithelium in the study group—average 1.84 per patient—
and 20 from epithelium below Z line in the control group—
two per patient. Histological examination proved intestinal
metaplasia in 14 out of 46 sites (30.4%) in nine study
patients (36%). The rest of the biopsies revealed cardia
type and gastric epithelium. No biopsy in the control group
showed SIM. There were no statistical differences in age
and sex between patients with and without SIM. Out of
eight patients who had previously diagnosed SIM, in ﬁve it
was also found in the present study and in three it was not.
There were 14 patients with the maximal length of the
columnar epithelium below 3 cm (short segment Barrett’s
esophagus) and 11 patients with maximal length above
3 cm (long segment Barrett’s esophagus). SIM was found
in 63.6% of the patients with long segment Barrett’s
esophagus and in 14.3% of the patients with short Barrett
esophagus (P\0.05).
Hiatal hernia was diagnosed in 11 out of 25 patients.
SIM in Barrett’s esophagus was signiﬁcantly more com-
mon among patients with hiatal hernia (8 patients, 72.7%)
than among patients without this condition (1 out of 14
patients, 7%) (P\0.001).
Methylene Blue Staining
Out of 46 biopsies in Barrett’s patients, 29 were taken from
methylene blue staining mucosa and ten of them proved
SIM in histology (34%). Seventeen biopsies were taken
from places not staining with MB; histology proved SIM in
four (14.3%). There was no signiﬁcant correlation between
MB staining and diagnosis of SIM in histology. Sensitivity
and speciﬁcity of MB staining in detecting SIM were 71.4
and 40.6%. (Table 1).
Pit-Pattern Evaluation Results
Although we did not use the acetic acid enhancement
recommended by Guelrud, we managed to qualify pit
patterns in columnar lined esophagus in both scales in all
cases. In nearly all patients and controls we found more
than one type of pit pattern. Usually two to four types were
intertwining like a patchwork, gradually changing one into
another, with unclear borders. Tables 2 and 3 show the
number of biopsies taken from the sites with a particular
type of pit pattern in Endo’s and Guelrud’s classiﬁcations,
respectively, and the incidence of SIM in those sites.
Besides the deep linear pattern found only in the study
group, other pit patterns were identiﬁed both in the study
group and in controls. Following study protocol, we ﬁrst
performed the biopsy of sites covered with pit patterns that,
according to Endo and Guelrud, were related to SIM. There
were signiﬁcant differences between the study and the
control group in the distribution of the types of pit patterns
from which biopsy was taken (P\0.05). This difference
particularly concerned round pit patterns (Guelrud’s scale)
and small round pit patterns (Endo’s scale), that were
signiﬁcantly more often subject of biopsy in the control
group (respectively, P\0.005 and P\0.05). To some
extent it can be concluded that in controls other types of pit
patterns were found less often. In the study group two times
more often than in the control group biopsy was taken from
cerebroid (21.7 vs. 10%) and from foveolar pit patterns
(19.6 vs. 10%), but the difference did not reach statistical
signiﬁcance.
Statistical analysis showed a signiﬁcant relationship
between the histological structure of Barrett’s epithelium
and pit patterns qualiﬁed in Gulerud’s classiﬁcation
Table 1 Frequency of specialized intestinal metaplasia (SIM) in sites
stained and not stained with methylene blue
SIM detection Methylene blue staining
Negative (N = 17) Positive (N = 29)
n % n %
SIM (-) 13 85.7 19 66
SIM (?) 4 14.3 10 34
N number of biopsies
Fisher’s exact test: P = 0.198 for association between positive
methylene blue staining and SIM
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123(P\0.005) but not in Endo’s classiﬁcation (P = 0.28).
SIM did not coexist with round pit (Fig. 1) or thin linear
patterns (Fig. 2) according to Guelrud’s classiﬁcation. Also
SIM was not found at sites with small round (Fig. 1) and
straight pit patterns (Fig. 2) according to Endo’s classiﬁ-
cation. Those pit patterns were characteristic of gastric
metaplasia. SIM was signiﬁcantly frequent in regions
covered with foveolar (Fig. 6) and deep linear pit patterns
(Fig. 7) in Guelrud’s classiﬁcation (54 and 100%,
P\0.05). Tubular (Fig. 3), villous (Fig. 4), cerebroid
(Fig. 5) pit patterns in Guelrud’s classiﬁcation and long
oval (Fig. 8), tubular (Fig. 9), villous pit patterns (Fig. 10)
in Endo’s classiﬁcation were less characteristic of SIM but
they did not exclude this condition. Generally, SIM was
found at sites with the same pit patterns as in the original
studies of Endo and Guelrud, but less frequently (Table 4
and 5). Taking into consideration that, according to the
study of Endo et al., tubular and villous pit patterns are
characteristic of SIM, sensitivity and speciﬁcity for this
classiﬁcation in our study were respectively, 85.7 and
21.1%. Similar to Endo’s study, only 58% of sites covered
by tubular and 56% of sites covered by villous pit patterns
stained with methylene blue. Taking into consideration
that, according to Guelrud’s study, characteristics of SIM
are deep linear, villous, foveolar and cerebroid pit patterns,
sensitivity and speciﬁcity of this classiﬁcation in our
patients were respectively, 92.8 and 28.4%.
No foci of dysplasia in Barrett’s esophagus were fund.
We observed no complications connected with the study.
Discussion
Intestinal metaplasia in columnar lined esophagus is the risk
factor for esophageal adenocarcinoma [1]. SIM most often
occurs focally and can’t be distinguished from surrounding
columnar epithelium with conventional endoscopy.
We found signiﬁcant correlation between pit patterns
evaluated according to Guelrud’s scale and histology,
which can potentially make biopsy more selective.
However, simultaneous use of chromoscopy and optical
magniﬁcation with assessment of mucosal surface did not
signiﬁcantly increase the frequency of SIM detection in the
present study. The study design limited the number of
biopsies to twoper patient to prevent view blurring by blood
and to ensure that specimens corresponded to magniﬁed
Table 2 Endo’s classiﬁcation: number of biopsies from sites with particular pit patterns and frequency of specialized intestinal metaplasia (SIM)
in those pit patterns








where SIM was proven
Percentage of biopsies
positive for SIM (%)
Small round 0 0 4 0 0
Straight 2 0 0 0 0
Long oval 5 2 2 0 28.5
Tubular 16 3 6 0 13.6
Villous 23 9 8 0 29.0
Together 46 14 20 0 21.2
Table 3 Guelrud’s classiﬁcation: number of biopsies from sites with particular pit patterns and frequency of specialized intestinal metaplasia
(SIM) in those pit patterns








where SIM was proven
Percentage of biopsies
positive for SIM (%)
Round pit 1 0 6 0 0
Thin linear 1 0 0 0 0
Tubular pit 6 1 2 0 12.5
Villous 17 2 8 0 8
Foveolar 9 6 2 0 54.5*
Cerebroid 10 3 2 0 25
Deep linear 2 2 0 0 100*
Together 46 14 20 0 21.2
* P\0.05 for association between particular pit patterns and SIM
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123images. It facilitated precise evaluation of pit patterns in
both scales and made ‘‘per biopsy’’ analysis more reliable.
On the other hand reduction of the general number of
biopsies probably resulted in a small percentage of patients
with recognized SIM (36%) in the present study and low-
ered sensitivity of the method in ‘‘per patient’’ analysis.
According to Harrison et al. at least eight random biopsies
should be taken to diagnose benign intestinal metaplasia
[13]. In three patients with previously diagnosed SIM, this
has not been conﬁrmed in the present study. This ﬁnding
suggests that taking few biopsies, even if they are aimed at
stained sites with speciﬁc pit patterns, may be not enough to
detect all sites with SIM. However, it cannot be ruled out
that minor foci of SIM had been completely removed during
previously taken biopsies. Another explanation is the pos-
sibility of histologic normalization of SIM after treatment
with PPI, recently reported by Horwhat et al. [14].
Fig. 1 Round pit pattern according to Guelrud’s classiﬁcation and
small round pit pattern according to Endo’s classiﬁcation
Fig. 2 Thin linear pit pattern according to Guelrud’s classiﬁcation
and straight pit pattern according to Endo’s classiﬁcation
Fig. 3 Tubular pit pattern—Guelrud’s classiﬁcation
Fig. 4 Villous pit pattern—Guelrud’s classiﬁcation
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123In the present study SIM was signiﬁcantly more frequent
in patients with long-segment BE and hiatal hernia, which
is in concordance with the previous observations [15]. We
found the differences in frequency of SIM related to par-
ticular mucosal pit pattern types. In no case SIM coexisted
with small round and straight pits, according to Endo’s
classiﬁcation, or with round and thin linear pits accord-
ing to Guelrud’s classiﬁcation. Those pit patterns were
characteristic of gastric metaplasia. Similar results were
achieved by the authors of those classiﬁcations. Also in
concord with Guelrud’s study, we frequently found SIM in
places with deep linear and foveolar pit patterns (respec-
tively, in 100 and 54%). It can be stated that these two
types of surface structure are characteristic of SIM. On the
contrary, we rarely found the coexistence of SIM with
villous and cerebroid pit patterns according to Guelrud’s
classiﬁcation—in our study it was respectively, 8 and 25%,
while in Guerlud’s, respectively, 81.4 and 95.2%. In
Fig. 5 Cerebroid pit pattern—Guelrud’s classiﬁcation
Fig. 6 Foveolar pit pattern—Guelrud’s classiﬁcation
Fig. 7 Deep linear pit pattern—Guelrud’s classiﬁcation
Fig. 8 Long oval pit pattern—Endo’s classiﬁcation
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123comparison with Endo’s study we rarely observed SIM in
tubular (100 vs. 13.6%) and villous pit patterns (100 vs.
29%). Those pit patterns were not typical of SIM but did
not rule out this condition. Besides deep linear pit pattern
which was present only in patients, all other pit patterns
were found both in patients and in the control group, which
clearly diminished speciﬁcity of current ﬁndings.
To our knowledge, this study is so far the only one
simultaneously evaluating mucosal surface structure both in
Endo’s and Guelrud’s classiﬁcation. Both classiﬁcations
proved to have a high sensitivity but low speciﬁcity.
Although we did not use acetic acid enhancement recom-
mended by Guelrud, it was possible to qualify pit patterns to
certaintypesinhisclassiﬁcation.Theprecisionofpit-pattern
qualiﬁcationwithandwithoutenhancementdemandsfurther
evaluation. After staining with MB, the dye is absorbed into
thecellsandspeciﬁcmucosalsurfacestructurebecomesless
visible, so it is easier to evaluate pit pattern before MB
staining, independently from type of classiﬁcation.
Both classiﬁcations were established on the basis of
observation of a relatively small group of patients (Endo,
30 patients; Guelrud, 87 patients), and their high prognostic
value in SIM detection has not been conﬁrmed by other
authors [16, 17]. Neither of the two original studies eval-
uated pit patterns in any control group. Clinical utility of
magniﬁcation endoscopy with pit-pattern evaluation is
additionally limited by high interobserver variability of
pit-pattern recognition [16]. In the present study we found
examples of pit patterns difﬁcult to classify to any type of
known classiﬁcation systems; therefore, those classiﬁca-
tions seemed to be incomplete. It is possible that the
elaboration of different classiﬁcations would improve the
precision of SIM detection. In our opinion, it was easier to
qualify pit patterns in Guelrud’s than in Endo’s classiﬁ-
cation, which can be attributed to more types discerned in
the ﬁrst one.
An important factor negatively inﬂuencing correlation
of endoscopic pictures with histology is the difﬁculty in
taking biopsy precisely from the place evaluated in mag-
niﬁcation. While opening biopsy forceps, the endoscope is
pushed away from the mucosa, which makes the constant
observation in magniﬁcation impossible.
Canto et al. described a very high sensitivity (95%) and
speciﬁcity (97%) of MB staining in detection of SIM, even
without the use of magniﬁcation [5]. Such good results were
not achieved in other studies, where the sensitivity of the
method ranged from 72 to 75% and the speciﬁcity from 32
to 46% [18, 19]. In theory, magniﬁcation enables evaluation
of sufﬁcient wash-out of the dye and differentiation of truly
stained places from those where the dye has been absorbed
by mucus or ﬁbrin covering erosions. Despite magniﬁca-
tion, in our study MB staining had a very low speciﬁcity
(40.6%) and a moderate sensitivity (71.4%) in SIM detec-
tion. Only 34% of MB stained sites were positive for SIM.
Moreover, in four cases SIM was found in sites that did not
stain with MB. According to Horwhat et al. [19], MB
staining is not more accurate in evaluating SIM than four-
quadrant biopsy from columnar mucosa in esophagus. Our
results do not support the recommendation for using MB
staining for SIM screening in columnar epithelium in
Fig. 9 Tubular pit pattern—Endo’s classiﬁcation
Fig. 10 Villous pit pattern—Endo’s classiﬁcation
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123esophagus. In comparison to MB staining, pit-pattern
evaluation according to Guelrud’s classiﬁcation had a much
higher sensitivity in detection of SIM in Barrett’s esophagus
(76.9 vs. 92.8%), but a lower speciﬁcity (46.1 vs. 28.4%).
Withtheprocedureofmucolysis,MBstainingandrinsing
added approximately 4 min to the duration of gastroscopy.
Time of evaluation of pit pattern under magniﬁcation dif-
fered from 2 to about 10 min and depended on length of
columnar mucosa in the esophagus.
In this study, we found no sites with dysplasia, which
may be attributed to relatively small number of patients or
small number of biopsies.
According to the recommendations of the French Soci-
ety of Digestive Endoscopy, none of new endoscopy
techniques (chromoendoscopy, magniﬁcation, narrow band
imaging, Fuji Intelligent Chromo Endoscopy) can replace
multiple biopsies taken according to the Seattle protocol
[20].Despiteprovenassociationbetweenpitpatternandhis-
tology, our data do not challenge those recommendations.
An interesting issue for future studies would be the
potential advantage of taking numerous biopsies from
regions selected with the use of magniﬁcation over random
four-quadrant biopsies.
Taken together, there is association between surface pit
patterns evaluated in Guelrud’s scale and histology in
Barrett’s esophagus. SIM was a common ﬁnding in deep
linear and foveolar pit patterns. Round pit and thin linear
pit patterns were characteristic for gastric metaplasia. Low
frequency of diagnosis of SIM in the present study can be
attributed to small number of biopsies. Despite the poten-
tial advantage of evaluation of the mucosal surface under
magniﬁcation and selection of the site of the biopsy
according to pit pattern, we ﬁnd no convincing data indi-
cating that this protocol may replace multiple biopsies
taken according to recommendations from Seattle for
detection of SIM in Barrett’s esophagus.
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